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Abstract. A reconstruction technique based on Radon transforms is used to obtain 3D electron 
momentum density ρ(p) using nine recently measured high-resolution Compton profiles (CPs) from 
a Cu0.9Al0.1 disordered alloy single crystal. The method was also applied to nine corresponding theo-
retical CPs computed within the KKR-CPA first-principles scheme in order to show that our recon-
struction procedure reproduces ρ(p) reasonably. We comment briefly on how well a map of the 
Fermi surface (FS) can be obtained by folding the reconstructed ρ(p) into the first Brillouin zone.  
Introduction 
Electron momentum density, ρ(p), can be probed via a Compton scattering experiment in which the 
measured Compton profile (CP), J(pz), provides the planar projection of ρ(p) along the direction of 
the scattering vector pz: 
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The 3D momentum density ρ(p) may then be “reconstructed” by measuring CPs along various di-
rections pz. The recent possibility of obtaining high resolution CPs in wide classes of materials has 
rejuvenated interest in reconstruction techniques as a way of getting a handle on FS signatures and 
electron correlation effects in the underlying momentum density [1]. With this motivation, we have 
carried out extensive CP measurements on a Cu0.9Al0.1 alloy (fcc solid solution phase), and analysed 
the results in terms of parallel KKR-CPA computations [2,3]. Furthermore, we have reconstructed 
the 3D momentum density in Cu0.9Al0.1 using a technique we have recently proposed [4]. Within 
space limitations, this paper provides highlights of our reconstructed ρ(p) in Cu0.9Al0.1; a detailed 
discussion of our theoretical and experimental study in Cu0.9Al0.1 will be taken up elsewhere.  
Our reconstruction technique is based on the inversion of the Radon transforms of various quan-
tities in terms of spherical harmonics and Jacobi polynomials [4]. ρ(p) and J(pz) are first expanded 
into lattice harmonics Flν (Θ,ϕ): 
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where index ν distinguishes harmonics of the same order l and (β,α) describe the polar and azi-
  
muthal angles of the pz-axis with respect to the reciprocal lattice. The radial components of the 
measured spectra are now expanded in terms of the orthogonal Jacobi polynomials )( b a,kP : 
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The radial parts of the momentum density are then given by  
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In order to visualize the shape of the FS we have folded ρ(p) into the reduced momentum space 
(i.e. the LCW-folding [5]) to obtain ρ(k) as 
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where k denotes vectors in the first Brillouin zone and the summation may be viewed as being ei-
ther over the reciprocal lattice vectors G, or over the band index l. The occupation number n is unity 
for filled states and zero otherwise. 
Results 
CPs were measured at the Compton spectrometer of the ESRF (Grenoble) along 9 directions given 
by angles (Θ,ϕ): (900,00) ≡ [100]; (900,100); (900,200); (900,450) ≡ [110]; (800,450); (54.740,450) ≡ 
[111]; (63.530,39.430); (72.500,34.670); (81.580,30.360). The corresponding theoretical CPs were 
computed within the fully selfconsistent KKR-CPA framework [2,3] and are highly accurate; we 
avoid further experimental and theoretical details here in the interest of brevity. Turning to the ques-
tion of reconstruction, we emphasize that it is only for special sets of directions that one can use as 
many terms as the number of profiles in the expansions of Eqs. 2 and 3; in general the number of 
terms is smaller (e.g. [6]), and in the present case we had to restrict these expansions to the first 6 
lattice harmonics. Fig. 1 provides illustrative results. As seen from the right side of the figure, mo-
mentum densities reconstructed from 9 theoretical CPs along 3 different directions are quite similar 
to the ρ(p) computed directly. Reconstructed momentum densities based on either the theoretical or 
experimental CPs correctly display salient features such as the lack of a Fermi break along [111] 
due to the presence of the neck, the anisotropy between the [100] and [110] and the prominent 
Umklapp components 
along [100], some obvious discrepancies notwithstanding. These re-
sults indicate the overall reasonableness of our reconstruction procedure.  
Fig.  1 Theoretically computed 
KKR-CPA momentum density 
ρ(p) in Cu0.9Al0.1 along three 
high symmetry directions (vari-
ous lines indicated in the legend 
on both the right and left hand 
sides) is compared with the 
corresponding reconstructed 
results based on 9 computed 
CPs (right side) and 9 experi-
mental CPs (left side). 
  
We consider next the LCW-folded momentum density ρ(k) (see, Eq. 6) based on ρ(p) recon-
structed from theoretical and experimental CPs. Results in the )011(  plane are presented in Fig. 2 
where the summation in Eq. 6 has been carried out over a cube in momentum space of sides 5.0 
a.u.. The folded ρ(k) derived from the theoretical CPs (Fig. 2a) as well as those employing the ex-
perimental CPs (Fig. 2b) reasonably display signatures of the well known FS of Cu. The prominent 
peak seen at the zone center in both Figs. 2a and 2b seems to partly reflect the slower convergence 
of the summation in Eq. 6 for states of d character which possess a fairly long range in momentum 
space due to their localized nature [7]. This point however bears further investigation. A similar 
effect may also be at play in creating additional peaks at the centers of the necks at the L-points in 
Fig. 2a.  In the case of ρ(k) obtained from the experimental CPs, Fig. 2b, we see fluctuations of 
density throughout the Brillouin zone; these are the result of a relatively high experimental error in 
the reconstructed momentum density. 
Conclusions 
We have applied a new reconstruction procedure based on the 
use of Radon transforms to high resolution CPs measured from 
a disordered Cu0.9Al0.1 alloy single crystal. The 3D momentum 
density ρ(p) has been reconstructed from 9 experimental 
profiles as well as from the 9 corresponding theoretical profiles 
computed within the framework of the fully selfconsistent 
KKR-CPA scheme. Comparisons between the ρ(p)’s 
reconstructed from the experimental and theoretical profiles 
with each other and with the results of a direct computation 
(without a reconstruction) show that our procedure reasonably  
reproduces the salient features of the momentum density in this 
system. We have also applied the LCW-folding to the 
reconstructed ρ(p)’s in order to obtain a map of the FS. These  
results indicate that while the folded density yields a resonable 
description of the FS, convergence properties of the folding 
require further study. 
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Fig. 2  Folded momentum density  
ρ(k) in Cu0.9Al0.1 in the )011(  plane 
obtained from 9 theoretical (top part) 
and 9 experimental (bottom part) CPs. 
Lighter colors denote higher values. 
